Background: Anaplastic thyroid cancer (ATC), a rare highly vascularized tumor, has a dismal outcome. We conducted an open-label study of doublet carboplatin/paclitaxel chemotherapy with or without fosbretabulin in patients with ATC. Methods: Patients were randomly assigned in a 2:1 ratio to 6 cycles of paclitaxel 200 mg/m 2 followed by carboplatin AUC 6 on day 1 every 3 weeks (CP), or these drugs were given on day 2 after fosbretabulin 60 mg/m 2 (CP/fosbretabulin) on days 1, 8 and 15. After 6 cycles, patients on the fosbretabulin arm without progression could continue to receive fosbretabulin on a day 1 and 8, 3-week schedule until progression. The primary end point was overall survival (OS). Results: Eighty patients were assigned (planned, 180) when enrollment was stopped due to rarity of disease and very low accrual. Median OS was 5.2 months (95% confidence interval [CI] 3.1, 9.0) for the CP/fosbretabulin arm (n = 55), hazard ratio (0.73; (95% CI 0.44, 1.21) and 4.0 months (95% CI 2.8, 6.2) for the CP arm (n = 25), p = 0.22 (log rank test). One-year survival for CP/fosbretabulin versus CP was 26% versus 9%, respectively. There was no significant difference in progression-free survival between the two arms. Grade 1-2 hypertension and grade 3-4 neutropenia were more common with CP/fosbretabulin. There were no significant adverse cardiovascular side effects. Conclusions: Although the study did not meet statistical significance in improvement in OS with the addition of fosbretabulin to carboplatin/paclitaxel, it represents the largest prospective randomized trial ever conducted in ATC. The regimen is well tolerated, with AEs and deaths primarily related to ATC and disease progression.
Introduction
A naplastic thyroid carcinoma (ATC) is among the most lethal solid tumors. Median survival is 3-5 months from time of diagnosis, with worse prognosis upon failure of chemotherapy or radiation. One-year survival rates are on the order of 10-20%, and 10-year survival rates are less than 2% (1-3). The disease accounts for only 2% of all thyroid cancers, and yet is responsible for 14-50% of thyroid cancer mortality (3, 4) . ATC is rare, reported at 1-2 cases per million. It affects older patients, with a mean age of 71 years (1, 4) .
Even in the absence of clinically evident metastatic disease, patients with ATC are considered to have systemic disease at the time of diagnosis. All ATC is considered stage IV by the International Union Against Cancer and American Joint Commission on Cancer classifications. Multimodality treatment consisting of surgery when feasible, combined with radiation and chemotherapy such as doxorubicin generally has been recommended; however, a comprehensive analysis of multimodality therapies suggests this approach may not be as useful (3, (5) (6) (7) . There is no consensus on sequence of surgery and radiation or optimal chemotherapy. A common cause of death is invasion of local structures with subsequent airway compromise; therefore, obtaining local control is an important palliative end point.
Fosbretabulin (combretastatin A-4 phosphate [CA4P]; Zybrestat Ò , OXiGENE, Inc., South San Francisco, CA) is the lead compound among a group of novel tubulin-binding compounds originally isolated from the bark of the African bush willow tree, Combretum caffrum (8) . The compound is a synthetic water-soluble phosphorylated prodrug of the active molecule, combretastatin A4 (CA4). CA4 is a vascular disrupting agent (VDA), which targets existing tumor neovasculature, causing acute reduction in tumor blood flow that leads to central necrosis within tumors. In xenograft models, tumor blood flow was reduced 50-60% with an associated 90% loss of functional vascular volume within 6 hours of treatment with fosbretabulin (9, 10) . In Phase 1/2 human studies, fosbretabulin has reduced blood flow in many types of solid tumors, and was greatest in highly vascular tumors such as thyroid cancer (11) (12) (13) (14) (15) .
Although the exact mechanism of action of fosbretabulin has not been fully elucidated, there is evidence to suggest effects on abnormal endothelial cells. Fosbretabulin destabilizes microtubules and disrupts cell-cell adhesion mediated by VE-cadherin, leading to collapse of abnormal endothelial cells and occlusion of tumor vessels. Endothelial cells in abnormal tumor vessels, which lack a full complement of smooth muscle or pericyte support, are more sensitive to the effects of CA4, conferring a degree of targeted vascular specificity. In addition, while fosbretabulin has cytotoxic effects against several tumor lines in vitro, the VDA activity is hypothesized to be the predominant mechanism for antitumor activity in vivo (8, (16) (17) (18) (19) (20) (21) (22) (23) .
Fosbretabulin as a single agent and in combination with paclitaxel/carboplatin doublet therapy has demonstrable activity against presumed ATC in orthotopic xenograft models (24) . However, the ATC cell lines used in these preclinical models may have been derived from nonthyroidal cell lines (25) . Phase 1/2 trials of fosbretabulin in refractory solid tumors included seven patients with ATC (11-15). One patient who received fosbretabulin monotherapy experienced a durable complete response (>10 + years) (11) . In a study of fosbretabulin in combination with paclitaxel/ carboplatin doublet chemotherapy, one subject experienced a partial response, and a second experienced stable disease for more than 4 months (14) . A completed Phase 2 study in patients with advanced ATC of single-agent fosbretabulin given at 45 mg/m 2 as a 10-minute intravenous infusion on days 1, 8, and 15 of a 28-day cycle observed a median survival of 4.7 months with 34% and 23% of patients alive at 6 and 12 months, respectively. Median duration of stable disease in 7 (27%) patients was 12.3 months (range, 4.4-37.9 months) (26) . Based on these data, we embarked on an international randomized trial of doublet carboplatin/ paclitaxel chemotherapy with or without fosbretabulin in patients with ATC. Those without disease progression on the fosbretabulin arm at the end of six cycles of therapy were eligible to receive maintenance fosbretabulin until disease progression.
Materials and Methods

Patient selection
All patients were evaluated and treated at their respective international referral center(s) and were required to have biopsy-proven advanced or metastatic ATC based on central review. Patients were eligible if they had measurable disease and progressed or relapsed during or after initial combined modality treatment at diagnosis, usually including systemic chemotherapy and radiation, for regionally advanced disease or in the setting of metastatic disease, provided therapy was limited to one chemotherapy regimen administered in an uninterrupted primary therapeutic approach. Patients who had received prior carboplatin and paclitaxel were eligible. Additional entrance criteria included age 18 
Pathology review
Initial pathological confirmation of ATC was undertaken by a preselected local pathologist with expertise in endocrine neoplasia. A mixture of ATC with another type of thyroid tumor was permissible. Pathology materials were sent to ACM Medical Laboratory, Inc. (Rochester, NY) for central review and confirmation of ATC diagnosis (Supplementary Data). The review assigned by the central pathologist was used to define an evaluable population with a definitive diagnosis of ATC (27) .
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Study design
FACT (Fosbretabulin in Anaplastic Cancer of the Thyroid) was a multicenter, global, open-label randomized controlled trial (NCT 00507429) (28). The protocol was approved by Institutional Review Board/Ethics committees at each participating institution according to international guidelines (29, 30) . Patients were randomly assigned in a ratio of 2:1 to either carboplatin/paclitaxel with fosbretabulin (CP/ fosbretabulin) or the doublet carboplatin/paclitaxel (CP) arm. Random assignment was performed using a computergenerated randomization schedule via a Web-based electronic data capture system. The randomization was balanced by block design and stratified by geographic region, patient age (<60 vs. ‡60 years), and prior surgery (total thyroidectomy vs. others). Fosbretabulin was supplied by OXiGENE, Inc. Fosbretabulin (60 mg/m 2 ) was administered intravenously over 10 minutes on days 1, 8, and 15 of each 21-day cycle. Paclitaxel 200 mg/m 2 over 180 minutes, followed by carboplatin AUC 6 over 30 minutes, was administered on day 2 of each 21-day cycle. Patients in the control arm received chemotherapy alone on day 1 of each 21 day cycle for 6 cycles. After completion of the treatment phase (6 cycles), patients on the fosbretabulin arm without disease progression entered a maintenance phase consisting of fosbretabulin (60 mg/m 2 ) on days 1 and 8 of each 21 day cycle until disease progression. Patients were discontinued from the trial if a cycle was delayed more than 14 days. Dose modifications are discussed in the Supplementary Data.
Study evaluations
Tumor measurements were performed before treatment and after every even cycle in the treatment phase and every 6 weeks in the maintenance phase. Progressive disease (PD) was determined by a modification of RECIST (version 1.0) guidelines (Supplementary Data) (31) . Safety assessments performed before fosbretabulin administration included grading of all adverse events (AEs), concomitant medications, vital signs, laboratory tests (complete blood counts, chemistry, and urinalysis), and ECOG performance status. The protocol stipulated electrolyte replenishment strategies to maintain serum potassium >4.0 mEq/L (or equivalent in mmol/L) and serum magnesium >1.8 mEq/L. Echocardiograms predose cycle 1/day 1, day 2 and predose cycle 2/day 1, day 2 and three predose ECGs were obtained, followed by one ECG immediately after and at 3 and 6 hours after CA4P administration, and 3 hours after paclitaxel on day 2 (with a
FOSBRETABULIN FOR ANAPLASTIC THYROID CARCINOMAdecrease in ECG frequency in patients with no abnormalities after two cycles). Troponin levels were collected on days 1 and 2 of cycles 1 and 2. AE severity was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE, version 3.0) except QTc evaluation, which was graded by CTCAE version 4.0 (32,33) Per protocol, deaths due to PD or any other cause were reported as serious AEs. After study closure, all deaths during treatment were reviewed by members of the study team ( J.A.S., J.B., S.P.L., S.C.R.).
Statistical methods
Final study data analyses were performed on the locked dataset as of November 21, 2011. All randomized patients were defined as the intent-to-treat (ITT) population. Patients who received any amount of study drug were defined as the safety population. The plan was to enroll approximately 180 patients to reach a total number of 125 events (deaths) at an assumed hazard ratio (HR) of 0.6. This would have had 80% power to detect treatment success with a two-sided log-rank test at the significance level of 0.048 or less. Due to truncation of the study at 80 randomized patients due to unsustainably low accrual, there is lack of adequate sample size for valid statistical comparison of survival between treatment groups. Consequently, the outcomes for the primary (overall survival [OS] ) and secondary (progression-free [PFS] and 1-year survival, and safety) end points are expressed as point estimates and their 95% confidence intervals. An Independent Data Monitoring Committee (IDMC) was utilized for this trial and is discussed in the Supplementary Data.
Results
Between August 2007 and February 2010, a total of 80 patients with pathologically confirmed ATC from 40 sites in 11 countries were enrolled and randomly assigned to the CP/ fosbretabulin (n = 55) or CP arm (n = 25). Figure 1 outlines the extensive screening and recruitment of ATC patients that was undertaken for this study and documents reasons for screening failure (287 patients were screened to enroll 80). Seventy-five patients received at least one dose of study treatment, including 51 in the CP/fosbretabulin arm and 24 in the CP arm.
Patient characteristics
Baseline characteristics (Table 1) were comparable between the two treatment groups, except there were more females in the CP group compared to the CP/fosbretabulin group (72% vs. 45.5%). Mean age was 61.4 years (range, 28.0-83.0); 55% had prior surgery, and 2.5% had received prior carboplatin and paclitaxel. Approximately 90% of patients had distant metastasis (stage IVC).
Pathology review
Following local pathology confirmation of ATC, pathology material was submitted for 78 of the 80 randomized patients for central review, and 70 (87%) had confirmation of ATC. Of 75 patients who were treated, ATC was confirmed in 67 (89%), demonstrating the high concordance between the local and central pathology reviews. Ninety-three percent of patients in the CP/fosbretabulin arm and 76% in the CP arm had central confirmation of ATC in the ITT population. Ninety-four percent in the CP/fosbretabulin arm and 79% in the CP arm had central confirmation of ATC in the treated population (27) . Central confirmation was required to be as rapid as possible.
Treatment
Among the 55 patients in the CP/fosbretabulin arm, 51 received treatment. Of the 4 patients who did not receive treatment, 1 withdrew from the study, 1 was removed due to progressive disease, and 2 were removed at the investigator's discretion. Among 25 patients in the CP arm, 24 received treatment; 1 patient withdrew from the study. Median number of treatment cycles was 4 in both arms. Across both arms, 40 patients (50%; 27 on CP/fosbretabulin arm and 13 on CP arm) discontinued treatment because of progressive disease, 4 SOSA ET AL. and 2 (2.5%; both on the CP/fosbretabulin arm) discontinued because of treatment-related AEs (Fig. 1) .
Patient safety
Seventy-five patients received at least one dose of study drug. The incidence of treatment-related grade 3/4 AEs was higher in the CP/fosbretabulin arm (62.8%) than in the CP arm (45.9%; Table 2 ). No new safety signals were detected with the addition of fosbretabulin to CP in this study. The IDMC reviewed unblinded safety data on four occasions and recommended the trial continue without changes (Supplementary Data). In the CP/fosbretabulin arm, grade 3-4 neutropenia, and grade 1-2 fatigue, nausea, headache, alopecia, and hypertension were the most common AEs. No grade 4 hypertension was reported. There were two episodes of asymptomatic coronary ischemia (both grade 1, which were reversible and resolved without sequelae). There were no episodes of ventricular ectopy or acute coronary syndrome. Only two patients (both in the CP/fosbretabulin arm) were removed from study; one because of prolongation of QTc interval beyond 450 msec after one dose of fosbretabulin and one who died. Cardiac safety analysis with ECGs, echocardiograms, and troponin levels did not show any significant change in ejection fraction or troponin following fosbretabulin. Clinically asymptomatic grade 1-2 and grade 3 QTc prolongation were seen in 11.8% and 3.9% of patients, respectively (Table 2) . Reasons for treatment discontinuations were reviewed by the sponsor and FACT investigators ( J.A.S., J.B., S.P.L., S.C.R.) and are discussed in the Supplementary Data.
There were 23 deaths that occurred during treatment or 30 days or less of receiving study drug (16 in the fosbretabulin and 7 in the control arm); 22 of these were attributable to disease progression. The cause of death of the remaining patient in the fosbretabulin arm could not be reconciled. This subject was found dead at home with what appeared to be a malfunctioning tracheostomy tube, which was considered to be possibly related to fosbretabulin.
Efficacy outcomes
Median follow-up was 4 months in both arms of the study. Seventy patients (48 [87.3%] in CP/fosbretabulin and 22 [88.0%] in CP arms) died from disease progression. Among the ITT patients, CP/fosbretabulin led to a 27% reduction in Table 2 . Treatment-Related Adverse Events risk of death (HR 0.73; 95% CI, 0.44 to 1.21; log-rank p = 0.22 (NS); Fig. 2A Fig. 2B ).
In patients with larger tumors ( > 6 cm, n = 41), median OS was 5.7 months in the CP/fosbretabulin arm (95% CI 3.1, 13.3) compared to 3.9 months in the CP arm (95% CI 0.3, 5.4); HR, 0.73 (95% CI 0.34, 1.57) (Fig. 2C) . For patients 60 years or younger, patients on CP/fosbretabulin had a median OS of 10.6 (95% CI 3.1, 13.3) months versus 3.1 months on CP (95% CI 1.7, 9.5); HR, 0.38 (95% CI 0.17, 0.85) (Fig. 2D ). In patients with tumors £ 6 cm (n = 39), median OS was 4.9 months (95% CI 2.2, 9.5) for CP/fosbretabulin and 4.1 months (95% CI 2.7, 9.0) for CP (Fig. 2E) . In patients older than 60 years old (n = 45), median OS was 3.3 months (95% CI 2.2, 7.1) for CP/ fosbretabulin and 4.5 months (95% CI 1.6, 9.0) for CP (Fig. 2F) . No patients in either arm achieved a complete response. Partial responses were seen in 20% and 16% of patients on CP/fosbretabulin and CP, respectively. Stable disease was seen in 40% and 44% of patients on CP/fosbretabulin and CP, respectively. A post-hoc exploratory subgroup analysis of OS using Cox regression was performed (Fig. 3) ; these results should be interpreted cautiously.
Discussion
This represents the largest and only randomized controlled clinical trial ever conducted in this rare and highly lethal disease. Several observations about the conduct of our trial to define a potential standard of care for an orphan disease are notable. Importantly, additional efficacy and safety data about the potential clinical utility of fosbretabulin are emerging as well.
Of the 287 patients screened for the trial, 72% (207 patients) were excluded. Of these, 32% (n = 66 patients) did not meet eligibility criteria, 22% (n = 58) did not have histology consistent with ATC, and remarkably another 15% (n = 31) had rapidly evolving disease that progressed or patients succumbed to their disease during the screening evaluation. This attests to the inherent difficulty in conducting a randomized study for such an aggressive disease, but our strategy to secure an accurate diagnosis at time of randomization was borne out by our study design. Enrolling institutions were recruited to the trial provided there was onsite expertise in endocrine diagnostic pathology. Upon central pathology review, we were able to confirm an accurate diagnosis in 87% of randomized patients, which is sufficient for a global randomized trial in an orphan, highly lethal disease. The few an SOSA ET AL.
patients who could not have ATC confirmed were due to an inadequate number of slides, clinically relevant information that was missing, or only cytology slides being available from the site. Perhaps the best course going forward is to try to provide as broad access as possible in a successor study: a Phase 3 trial could allow patients to be enrolled based only on the expertise of the local pathologist rather than waiting for confirmation from the central read. Based on the observed safety and tolerability of fosbretabulin in the current trial, eligibility criteria could be modified accordingly. The CP/fosbretabulin arm has a very acceptable safety profile. As clinical experience with fosbretabulin is gained, we are assured that this drug can be administered in randomized controlled studies. Although hematologic toxicity was increased with the addition of fosbretabulin to chemotherapy, this did not result in treatment discontinuations. Cardiovascular side effects were minimal and included two isolated cases of grade 1 asymptomatic coronary ischemia; only one patient discontinued study treatment because of an increased QTc interval >450 msec. There were no episodes of grade 4 hypertension, and the hypertension that was encountered was manageable in all instances. There were no other cardiovascular side effects, such as ventricular ectopy or acute coronary ischemia. These observations attest to tailoring protocol eligibility criteria that are appropriate to limit potential cardiovascular toxicities, and clinical management strategies that will reduce both drug-induced hypertension and QTc prolongation. The fosbretabulin safety profile is also emerging in other tumor types and with such early phase novel drug combinations such as fosbretabulin combined with cytotoxic chemotherapy in platinum-resistant ovarian cancer and non-small cell lung cancer, and early phase studies with bevacizumab in refractory solid tumors (34) (35) (36) .
Our trial suggests that the addition of a VDA to a standard doublet cytotoxic chemotherapy regimen may have clinical activity in patients with ATC, a rare and highly lethal tumor.
A follow-up study is warranted, and by selecting sites with appropriate diagnostic capability for thyroid malignancy, enhanced accrual could be anticipated.
